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(57) ABSTRACT 

A MIMO antenna for mobile devices has a system board, 
and two or more microstrip lines extending along a top 
surface of the system board. The MIMO antenna addition
ally includes a ground plane extending along a bottom 
surface of the system board, wherein the ground plane has 
a Y-shaped slot. The MIMO antenna further includes one or 
more pairs of miniature antenna elements attached to the top 
surface of system board in contact with the at least two 
microstrip lines, wherein the antenna elements are slanted at 
±45° with respect to a center Z of an X Y coordinate system, 
and center of a radiation sphere, located proximate the 
Y-shaped slot. 

36 Claims, 8 Drawing Sheets 
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HEXAFERRITE SLANT AND SLOT MIMO 
ANTENNA ELEMENT 

TECHNICAL FIELD 

2 
a ground plane of a system board. The method further 
includes attaching the antenna elements to a top surface of 
the system board. 

The foregoing has outlined rather broadly the features and 

This disclosure is generally directed to MIMO antennas. 
This disclosure is specifically directed to a hexaferrite slant 
and slot MIMO antenna element implemented in wireless 
communication systems. 

5 technical advantages of the present invention in order that 
the detailed description of the invention that follows may be 
better understood. Additional features and advantages of the 
invention will be described hereinafter which form the 
subject of the claims of the invention. It should be appre-

lO ciated by those skilled in the art that the conception and 
specific embodiment disclosed may be readily utilized as a 
basis for modifying or designing other structures for carry
ing out the same purposes of the present invention. It should 

BACKGROUND 

15 
also be realized by those skilled in the art that such equiva
lent constructions do not depart from the spirit and scope of 
the invention as set forth in the appended claims. The novel 
features which are believed to be characteristic of the 
invention, both as to its organization and method of opera-

There is an increasing demand for multiple-input mul
tiple-output (MIMO) communication technology in wireless 
communication systems due to the need for higher channel 
capacity. In a MIMO system, low mutual coupling and high 
isolation between antennas are important for obtaining 
antenna diversity and high radiation efficiency. As such, 
achieving low mutual coupling and high isolation between 
neighboring antenna elements is a concern in MIMO 20 

antenna design, and many designs have been developed to 
improve isolation between neighboring antenna elements. 

However, a competing concern in MIMO antenna design 
is the limited mobile device space, which requires a smaller 
antenna size. Reducing the size of MIMO antennas is often 25 

at odds with the goal of achieving low mutual coupling and 
high isolation between neighboring antenna elements. In 
view of the above, a need exists for an antenna design that 
successfully reduces the size of a MIMO antenna while 
retaining low mutual coupling and high isolation between 30 

neighboring antenna elements. 

BRIEF SUMMARY 

tion, together with further objects and advantages will be 
better understood from the following description when con
sidered in connection with the accompanying figures. It is to 
be expressly understood, however, that each of the figures is 
provided for the purpose of illustration and description only 
and is not intended as a definition of the limits of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven
tion, reference is now made to the following descriptions 
taken in conjunction with the accompanying FIGURES, in 
which: 

In some aspects, a MIMO antenna for mobile devices has 
FIG. 1 is a block diagram providing a plan view of a 

35 hexaferrite slant and slot MIMO antenna in accordance with 
a system board, and two or more microstrip lines extending 
along a top surface of the system board. The MIMO antenna 
additionally includes a ground plane extending along a 
bottom surface of the system board, wherein the ground 
plane has a Y-shaped slot. The MIMO antenna further 40 

includes one or more pairs of miniature antenna elements 
attached to the top surface of system board in contact with 
the at least two microstrip lines, wherein the antenna ele
ments are slanted at ±45° with respect to a center Z of an X 
Y coordinate system, and center of a radiation sphere, 45 

located proximate the Y-shaped slot. 
In other aspects, a method of performing wireless com

munications includes utilizing a MIMO antenna to transmit 
and receive wireless signals. The MIMO antenna includes a 
system board, and two or more microstrip lines extending 50 

along a top surface of the system board. The MIMO antenna 
additionally includes a ground plane extending along a 
bottom surface of the system board, wherein the ground 
plane has a Y-shaped slot. The MIMO antenna further 
includes one or more pairs of miniature antenna elements 55 

attached to the top surface of system board in contact with 
the at least two microstrip lines, wherein the antenna ele
ments are slanted at ±45° with respect to a center Z of an X 

the present disclosure; 
FIG. 2 is a block diagram providing an isometric view of 

an antenna element of the hexaferrite slant and slot MIMO 
antenna of FIG. 1; 

FIG. 3 is a flow diagram illustrating a method of manu
facturing a hexaferrite slant and slot MIMO antenna in 
accordance with the present disclosure; 

FIG. 4 is a top view of a fabricated hexaferrite slant and 
slot MIMO antenna in accordance with the present disclo
sure; 

FIG. 5 is a bottom view of the fabricated hexaferrite slant 
and slot MIMO antenna of FIG. 4; 

FIG. 6 is a graphical representation illustrating simulated 
and measured S-parameter spectra of the Co2Z-glass com
posite MIMO antenna (1: antenna 1; 2: antenna 2) in 
accordance with the present disclosure; 

FIG. 7 is a graphical representation illustrating a corre
lation coefficient calculated from simulated and measured 
complex S-parameter of the Co2Z-glass composite MIMO 
antenna in accordance with the present disclosure; 

FIG. 8 is a graphical representation illustrating simulated 
and measured 2D gain patterns of a Co2Z-glass composite 
MIMO antenna at 2.45 GHz for antenna 1 at =45°; 

Y coordinate system, and center of a radiation sphere, 
located proximate the Y-shaped slot. 

FIG. 9 is a graphical representation illustrating simulated 
60 and measured 2D gain patterns of a Co2Z-glass composite 

MIMO antenna at 2.45 GHz for antenna 2 at cp=315°; 
FIG. 10 is a graphical representation illustrating simulated 

and measured 2D gain patterns of a Co2Z-glass composite 
MIMO antenna at 2.45 GHz for antenna 1 at cp=315°; and 

FIG. 11 is a graphical representation illustrating simulated 
and measured 2D gain patterns of a Co2Z-glass composite 
MIMO antenna at 2.45 GHz for antenna 2 at 4=45°. 

In further aspects, a method of manufacturing a hexafer
rite slant and slot MIMO antenna includes providing one or 
more pairs of antenna elements having hexaferrite antenna 
substrates. The method additionally includes positioning the 
pair of antenna elements to be slanted at ±45° with respect 65 

to a center Z of an X Y coordinate system, and center of a 
radiation sphere, that is located proximate a Y-shaped slot of 
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DETAILED DESCRIPTION 

Techniques and methods are disclosed for the design, 
manufacture, and use of a hexaferrite slant and slot MIMO 
antenna in wireless communication systems that exhibits 5 

superior characteristics. As will be explained in greater 
detail below, according to one embodiment, a standard FR-4 
substrate may be used as a double copper clad system board 
with a hexaferrite substrate for miniature antenna elements. 
Relative permeability (µr) and relative permittivity (Er) of 10 

the hexaferrite substrate enables reduction of the antenna 
element size by a factor of 1/yµrEr. For example, a hexa
ferrite substrate having a volume of 6xl 0xl .5 mm3 exhibits 

measuring 2.4x77 mm2
, longitudinally extend in parallel 

from the lumped ports 102 along a top surface of the system 
board 100. A ground plane 108 having a width of 60 mm 
longitudinally extends from the lumped ports 102 a length 
D2 of 70 mm along a bottom surface of the system board. 
The ground plane 108 has a Y-shaped slot 110 having a 
narrow end that is oriented toward the lumped ports 102, and 
that has a width D3 of 4 mm. Sides of the Y-shaped slot 110 
extend in parallel from the narrow end a length D4 equal to 
10 mm before beginning to expand apart from one another 
to form an expansion region. In the expansion region, the 
sides of the Y-shaped slot 110 further extend away from the 
lumped ports 102 in non-parallel fashion for an additional 
length DS equal to 15 mm, yielding an overall length to the 
Y-shaped slot of 25 mm. At a wide end of the Y-shaped slot 
110 that is opposite the narrow end, the width of the slot is 

a relative permeability µr of 1.66 (tan oµ=0.112) and a 15 
relative permittivity Er of 6.5 (tan oE=0.014). 

According to an embodiment, reducing surface area and/ equal to 8 mm. 
or volume of the antenna elements increases the physical 
separation between those elements. As a result, the trans
mission/reception isolation between the antenna elements 20 

increases. Removing the slot in the ground plane improves 
isolation and frequency matching, and is combined with 
slanting of the antenna elements to provide pattern diversity. 
This combination of features leads to improvement in iso
lation and capacity, as can be observed by measured per- 25 

formance of a fabricated hexaferrite slant and slot MIMO 

A pair of miniature antenna elements 112 and 114 are 
half-cycle, microstrip meander structures having a ferrite 
substrate below each meander structure. These miniature 
antenna elements 112 and 114 are attached to the top surface 
of system board 100 in contact with the microstrip lines 104 
and 106. Additionally, these antenna elements are located at 
an end of the system board 100 that is opposite the lumped 
ports 102, and more than 70 mm from the lumped ports 102. 
This location of the miniature antenna elements 112 and 114 

antenna according to concepts described herein, yielding a 
correlation coefficient less than 0.00085 between 2.4-2.5 
GHz. 

The following description provides details of both simu
lated (see FIG. 1 and FIG. 2) and fabricated (see FIG. 4 and 
FIG. 5) hexaferrite slant and slot MIMO antennas according 

ensures that they are not located directly above any portion 
of the ground plane 108. Also, the miniature antenna ele
ments 112 and 114 are spaced apart from one another 

30 approximately 30 mm or more. Further, the antenna ele
ments 112 and 114 are slanted at ±45° with respect to a 
center Z of an X Y coordinate system, and center of a 
radiation sphere, located proximate an origin of an expan-to inventive concepts described herein. The following 

description also provides details of a method of manufac
turing (see FIG. 3) a hexaferrite slant and slot MIMO 35 

antenna according to inventive concepts described herein. 

sion region of the Y-shaped slot 110 of the ground plane 108. 
Turning to FIG. 2, a miniature antenna element of the 

simulated design of a hexaferrite slant and slot MIMO 
antenna is shown in greater detail. In the simulated design, 
the hexaferrite substrate 200 has dimensions of 6x10xl.5 
mm3

• Consequently, the permeability and permittivity of the 

As will be further demonstrated below with respect to 
FIGS. 6-11, the fabricated hexaferrite slant and slot MIMO 
antenna exhibits many characteristics that render it useful 
for wireless communications. Embodiments may be oper
able in, e.g., the Bluetooth and WLAN IEEE 802.llb/g 
(2400-2484 MHz) bands. For example, the fabricated 
MIMO antenna has a size on the order of (60x90xl .5 mm3

) 

suitable for embedding in a smartphone, and it may also be 
used in larger devices, such as wireless routers. Additionally, 
according to one embodiment, measured return loss and 
isolation were measured at 33.9/26.6 dB (for antenna 1/an
tenna 2) and 18.6 dB at 2.45 GHz, respectively. Also, 
bandwidth was observed to be 454/502 MHz at VSWR<3. 
Further, radiation efficiency of the antennas was measured to 
be 82% at 2.45 GHz. Further still, the antenna elements were 
observed to exhibit orthogonal 2D patterns (two lobe pattern 
set and onmidirectional flower pattern set) that make the 
MIMO antenna a candidate for 2.45 GHz mobile device 
applications. 

FIG. 1 illustrates geometry of a simulated hexaferrite 
slant and slot MIMO antenna. According to the illustrated 
embodiment, a system board 100 is made of double-sided 
copper clad laminate, such as fiberglass reinforced epoxy 
laminates that are Flame Retardant (FM4). The system board 
100 has a width W of 60 mm and a length L of 90 mm, 
yielding relative permittivity and loss tangent values of the 
system board of 4.4 and 0.02, respectively. Spaced apart 
lumped ports 102A and 102B are provided at one end of the 
system board 100, and the ports 102A and 102B are respec
tively located a dimension Dl of 10 mm from opposite sides 
of the system board 100. Two microstrip lines 104 and 106, 

40 hexaferrite substrate 200, obtained by polynomial fitting 
using measured vector network analyzer (VNA) scattering 
parameters of sintered Co2Z-glass composite ring, are µr of 
1.66 and Er of 6.5 with magnetic loss tangent of tan oµ of 
0.112 and tan OE of 0.014, respectively. Copper (Cu) tape 

45 may be attached to the hexaferrite substrate 200 to provide 
the half-cycle, microstrip meander structure, as well as 
electrical connection to the microstrip, and lxl mm2 solder 
pads 202A and 202B. In the simulated design, the Cu tape 
has a width D6 equal to 1 mm, electrical connection dimen-

50 sions D7 and D8 equal to 2 mm and 3 mm, respectively, and 
a meander structure length D9 equal to 6 mm. The posi
tioning of the antenna element is such that a corner of the 
substrate 200 most proximate a neighbor antenna element is 
located a dimension DlO equal to 13 mm from a nearest side 

55 edge of the system board, and a dimension Dll equal to 8 
mm from a nearest end edge of the system board. 

Turning to FIG. 3, a method of manufacturing a fabricated 
hexaferrite slant and slot MIMO antenna may include 
employing a ceramic process, at step 300, to synthesize 

60 water-quenched hexaferrite particles of Ba3Co2 Fe240 41 

(Co2 Z). At step 302, the (Co2 Z) particles may be mixed with 
2 wt. % glass for forming Co2 Z-glass composite. At step 
304, the Co2 Z-glass composite may be utilized as an antenna 
substrate. Step 302 may include forming two or more 

65 antenna substrates of the Co2Z-glass composite. One skilled 
in the art will readily recognize that size of the antenna 
substrates may vary, and that dimensions of 6xl 0xl .5 mm3 
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expansion region of the Y-shaped slot 110 of the ground 
plane 108. Further, the dimensions of the hexaferrite sub
strates and Cu tape may be identical those discussed above 
with respect to FIG. 2. Alternatively, specific dimensions of 

and 8x6xl .5 nnn3 are merely examples of dimensions for 
the antenna substrate. At 306, Cu tape may be affixed to 
surfaces of the two or more antenna substrates to form 
antenna elements having Cu pads, electrical connections, 
and half-cycle, microstrip meander structures atop the 
antenna substrates. Alternatively, or in addition to, the Cu 
tape, it is envisioned that any other material or combination 
of materials suitable for forming the meander structures may 

5 the antenna elements 112 and 114 may differ from those 
exhibited in FIG. 2 in having a length of 8 nnn and a width 
of 6 nnn. As a result of these differences, the fabricated 
hexaferrite substrate may exhibits a relative permittivity of 
6.6 and a relative permeability of 1.8, with corresponding be employed, as will be readily apparent to one skilled in the 

art. At step 308, double-sided copper clad laminate may be 
employed to fabricate a system board having, on a top 
surface, microstrip lines connected to lumped ports, and 
having, on a bottom surface, a ground plane having a 
Y-shaped slot. Finally, at step 310, the Cu pads may be 
employed as solder pads, and the antenna elements may be 
soldered to the top surface of the system board with the 
electrical connectors in contact with the microstrip lines, at 
locations opposite the lumped ports. Step 310 may also 
include positioning the antenna elements to be slanted at 
±45° with respect to a center Z of an X Y coordinate system, 20 

and center of a radiation sphere, that is located proximate the 
Y-shaped slot of the ground plane. It is envisioned that any 
other suitable method of attaching the antenna elements to 
the system board may be utilized as will be readily apparent 

10 loss tangents of0.014 and 0.112, respectively. Additionally, 
the meander structure formed by the Cu tape may also differ 
from that of FIG. 2 in having a length equal to 7 nnn along 
one side of the antenna elements. However, it should be 
understood that, in the measured antenna performance 

15 detailed below with respect to FIGS. 6-11, antenna elements 
in the fabricated antenna are utilized that have dimensions 
substantially equal to those of the simulated antenna element 
of FIG. 2 

Turning now to FIGS. 6-11, both simulated and measured 
performance characteristics of the simulated and fabricated 
designs are described in detail. For the simulated perfor
mance, the Ansoft High Frequency Structure Simulator 
(HFSS) ver. 11 was used to simulate the antenna perfor
mance. For the measured performance, VNA port 1 and 2 of 

to one skilled in the art. 25 a VNA (Agilent N5230A) were connected to antenna 2 and 
1, respectively, with the cables sandwiched between absorb
ers to eliminate surface currents on the cables. 

Turning to FIG. 4 and FIG. 5 and referring generally 
thereto, a fabricated hexaferrite slant and slot MIMO 
antenna manufactured by the method of FIG. 3 has features 
similar to those of the simulated hexaferrite slant and slot 
MIMO antenna of FIG. 1. For example, the fabricated 30 

hexaferrite slant and slot MIMO antenna has the system 
board 100 made of double-sided copper clad laminate, and 
having the width W of 60 nnn and the length L of 90 nnn. 
Additionally, spaced apart lumped ports 102 are provided 
with SubMiniature version A (SMA) connectors at one end 35 

of the system board 100. Also, two microstrip lines 104 and 
106, longitudinally extend in parallel a length of 77 nnn 
from the lumped ports 102 along a top surface of the system 
board 100. These microstrip lines 104 and 106 each measure 
a dimension D12 equal to 2.4 nnn wide, and are spaced apart 
from one another a dimension D13 equal to 35.2 nnn. 
Further, a ground plane 108 longitudinally extends from the 
lumped ports 102 a dimension D2 of70 nnn along a bottom 
surface of the system board. The ground plane has a 
Y-shaped slot 110 that is a dimension D3 of 4 nnn wide at 
a narrow end of the slot that is oriented toward the lumped 
ports 102. Yet further, sides of the Y-shaped slot 110 extend 

40 

45 

FIG. 6 shows the simulated and measured scattering 
parameters of the hexaferrite MIMO antenna. Measured 
return loss at 2.45 GHz was found to be -33.9 and -26.6 dB 
for antenna 1 and 2, respectively. The measured isolation 
was -18.6 dB at 2.45 GHz. The bandwidth was 454 MHz 
(2.262-2.716 GHz) and 502 MHz (2.262-2.764 GHz) for 
antenna 1 and 2, respectively, at VSWR<3. The antenna 
dimension and performance results are sunnnarized in Table 
1. 

TABLE 1 

SUBSTRATE MATERIAL Simulated Measured 

Substrate size (mm3
) 90 (6 X 10 X 1.5) 90 ( 6 X 10 X 1.5) 

Slot angle (degree) +45°/-45° +45°/-45° 
Center frequency fc (GHz) 2.45 2.45 
Return loss S 1/S22 (dB) -34.3/-36.3 -33.9/-26.6 
Bandwidtb (MHz) at VSWR < 3 Antenna 1: 490 Antenna 1 : 4 54 

Antenna 2: 5 00 Antenna 2: 502 
Isolation (dB) -18.6 -18.6 
Radiation efficiency, ri (%) 78 82 

in parallel from the narrow end a length D4 equal to 10 nnn 
before beginning to expand apart from one another to form 
an expansion region. In the expansion region, the sides of the 
Y-shaped slot 110 further extend away from the lumped 
ports 102 in non-parallel fashion for an additional length DS 
equal to 15 nnn, yielding an overall length to the Y-shaped 
slot of 25 nnn. At a wide end of the Y-shaped slot 110, the 
width D14 of the slot is equal to 8 nnn. 

Referring to FIG. 7, the envelope correlation coefficient 
50 (Pe) was calculated to verify low mutual coupling between 

the two antenna elements. The correlation coefficient for 

55 

The fabricated hexaferrite slant and slot MIMO antenna 
also exhibits the pair of miniature antenna elements 112 and 
114 that are attached to the top surface of the system board 
100 and in contact with the microstrip lines 104 and 106. 
These antenna elements 112 and 114 are located at an end of 60 

the system board 100 opposite the lumped ports 102. The 
miniature antenna elements 112 and 114 are spatially sepa
rated, half-cycle, microstrip meander structures having a 
ferrite substrate below each meander structure. Also, the 
antenna elements 112 and 114 are slanted at ±45° with 65 

respect to a center Z of an X Y coordinate system, and center 
of a radiation sphere, located proximate an origin of the 

both simulation and VNA measurement, in FIG. 7, was 
calculated by inputting the complex S-parameters into the 
following equation: 

(1) 

where (*) denotes the complex conjugate. The correlation 
coefficients for the hexaferrite MIMO antenna between 2.4 
and 2.5 GHz are less than peak correlation coefficient from 
measurement of 0.00085 at 2.4 GHz. The correlation coef
ficient from measurement at 2.45 GHz is 1.46xl0-5

• There
fore, it can be appreciated that the antenna elements are 
essentially decoupled as the correlation coefficient is 
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approximately zero. The correlation coefficients from simu
lated and measured performance are in substantial agree
ment with each other, but there are some observable differ
ences that are attributed to fabrication deviation from design. 

8 
electronics components, logical circuits, memories, software 
codes, firmware codes, etc., or any combination thereof. 

The radiation efficiency (ri) of the hexaferrite slant and 5 

slot MIMO antenna was simulated and measured at 2.45 
GHz. The radiation efficiency computed by HFSS for both 
antennas (1 and 2) was approximately 78%. The 3D gain 
pattern (far field) of the hexaferrite MIMO antenna, with one 
SMA jack connected and other left open, was measured in 10 

a custom anechoic chamber at The Howland Company. 
There was no noticeable difference in gain pattern if the 
open SMAjack (Emerson 142-0701-851) was terminated by 
50Q, because the antennas are decoupled (Pe""0) as previ-

15 
ously mentioned. The ri was calculated from the 3D gain 
pattern, which was measured with the turntable rotating 
from O to 345° in 15° increments for each position of the 
dual polarized horn from 15 to 165° in 15° increments. 

Those of skill would further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection with the disclosure herein may 
be implemented as electronic hardware, computer software, 
or combinations of both. To clearly illustrate this inter
changeability of hardware and software, various illustrative 
components, blocks, modules, circuits, and steps have been 
described above generally in terms of their functionality. 
Whether such functionality is implemented as hardware or 
software depends upon the particular application and design 
constraints imposed on the overall system. Skilled artisans 
may implement the described functionality in varying ways 
for each particular application, but such implementation 
decisions should not be interpreted as causing a departure 
from the scope of the present disclosure. 

The various illustrative logical blocks, modules, and 
circuits described in connection with the disclosure herein 
may be implemented or performed with a general-purpose 
processor, a digital signal processor (DSP), an application 

Regarding the radiation efficiency calculation, the radia- 20 
tion efficiency is defined as: 

TRP 
1)=

P, 

(2) 

where TRP is the total radiated power (W) and P, is the 
power (W) at the antenna input port. TRP can be expressed 
as: 

(3) 

where G, is the angle-dependent total antenna gain (dimen
sionless ratio). Combining (2) and (3), the resulting integral 
equation can be approximated in discrete form as: 

N-1 M-1 

1J se 2.;. N ~ ~ G,(0n, t/>m)sin(0n) 

(4) 

n=O m=O 

where the gain from the dual polarizations of the horn can 
be expressed as GrC8m <Pm)=Ge(8m <Pm)+Gq,(8n, 8m) in deci
bel (dB). The angle-dependent gains obtained from mea
surement were used to calculate the radiation efficiency 
using ( 4), which for both antennas was approximately 82%. 

Turning now to FIGS. 8-11, simulated and measured 2D 
gain patterns (far field) for antenna 1 and 2 were obtained 
from an antenna measurement system (Raymond EMC 
QuietBox AVS 700) having a turntable rotating from O to 
355° in 5° increments in front of a dual polarized horn. cp is 
the angle from the x-axis toward the y-axis, and 8 is the 
angle from the z-axis. FIGS. 8 and 9 show a set of orthogo
nal two lobe patterns in cp (=45°-(-45°)=90° for antenna 1 
and antenna 2, respectively. FIGS. 10 and 11 show a set of 
orthogonal onmidirectional-flower patterns in cp for antennas 
1 and 2, respectively. Potentially, these 2D patterns may be 
utilized for mobile or base station applications when a 
horizontal and/or vertically polarized antenna (e.g., dual 
polarized horn) is used. It can be readily appreciated that the 
simulated and measured gain patterns are substantially in 
agreement with one another. 

The functional blocks and modules in FIG. 3 may com
prise processors, electronics devices, hardware devices, 

specific integrated circuit (ASIC), a field programmable gate 
array (FPGA) or other programmable logic device, discrete 
gate or transistor logic, discrete hardware components, or 

25 any combination thereof designed to perform the functions 
described herein. A general-purpose processor may be a 
microprocessor, but in the alternative, the processor may be 
any conventional processor, controller, microcontroller, or 
state machine. A processor may also be implemented as a 

30 combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP 
core, or any other such configuration. 

The steps of a method or algorithm described in connec-
35 tion with the disclosure herein may be embodied directly in 

hardware, in a software module executed by a processor, or 
in a combination of the two. A software module may reside 
in RAM memory, flash memory, ROM memory, EPROM 
memory, EEPROM memory, registers, hard disk, a remov-

40 able disk, a CD-ROM, or any other form of storage medium 
known in the art. An exemplary storage medium is coupled 
to the processor such that the processor can read information 
from, and write information to, the storage medium. In the 
alternative, the storage medium may be integral to the 

45 processor. The processor and the storage medium may reside 
in an ASIC. The ASIC may reside in a user terminal. In the 
alternative, the processor and the storage medium may 
reside as discrete components in a user terminal. 

In one or more exemplary designs, the functions 
50 described may be implemented in hardware, software, firm

ware, or any combination thereof. If implemented in soft
ware, the functions may be stored on or transmitted over as 
one or more instructions or code on a computer-readable 
medium. Computer-readable media includes both computer 

55 storage media and communication media including any 
medium that facilitates transfer of a computer program from 
one place to another. A storage media may be any available 
media that can be accessed by a general purpose or special 
purpose computer. By way of example, and not limitation, 

60 such computer-readable media can comprise RAM, ROM, 
EEPROM, CD-ROM or other optical disk storage, magnetic 
disk storage or other magnetic storage devices, or any other 
medium that can be used to carry or store desired program 
code means in the form of instructions or data structures and 

65 that can be accessed by a general-purpose or special-purpose 
computer, or a general-purpose or special-purpose proces
sor. Also, any connection is properly termed a computer-
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readable medium. For example, if the software is transmitted 
from a website, server, or other remote source using a 
coaxial cable, fiber optic cable, twisted pair, digital sub
scriber line (DSL ), or wireless technologies such as infrared, 
radio, and microwave, then the coaxial cable, fiber optic 5 

cable, twisted pair, DSL, or wireless technologies such as 
infrared, radio, and microwave are included in the definition 

10 
3. The MIMO antenna of claim 1, wherein the system 

board has a width 60 mm and a length L of 90 mm, yielding 
permittivity and loss tangent values of the system board of 
4.4 and 0.02, respectively. 

4. The MIMO antenna of claim 1, where the first lumped 
port and the second lumped port at the first side of the system 
board are opposite a second end of the system board that is 
proximate to the pair of antenna elements. of medium. Disk and disc, as used herein, includes compact 

disc (CD), laser disc, optical disc, digital versatile disc 
(DVD), floppy disk and blu-ray disc where disks usually 
reproduce data magnetically, while discs reproduce data 
optically with lasers. Combinations of the above should also 

5. The MIMO antenna of claim 4, wherein the ground 
10 plane longitudinally extends a length of about 70 mm from 

the first and second lumped ports along the bottom surface 
of the system board. 

be included within the scope of computer-readable media. 
Although the present invention and its advantages have 

15 
been described in detail, it should be understood that various 
changes, substitutions and alterations may be made herein 
without departing from the spirit and scope of the invention 

6. The MIMO antenna of claim 1, wherein the least two 
microstrip lines measure 2.4x77 mm2

. 

7. The MIMO antenna of claim 1, wherein the ground 
plane has a width of 60 mm. 

8. The MIMO antenna of claim 1, wherein the center Z of 
the X Y coordinate system, and the center of the radiation 
sphere, are located proximate an origin of the expansion as defined by the appended claims. Moreover, the scope of 

the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufac
ture, composition of matter, means, methods and steps 
described in the specification. As one of ordinary skill in the 

20 region. 
9. The MIMO antenna of claim 1, wherein the narrow end 

has a width of 4 mm and the wide end has a width of 8 mm. 
10. The MIMO antenna of claim 1, wherein sides of the 

Y-shaped slot extend in parallel from the narrow end a length 
equal to 10 mm before beginning to expand apart from one 
another to form the expansion region. 

11. The MIMO antenna of claim 1, wherein the Y-shaped 
slot has an overall length of 25 mm. 

12. The MIMO antenna of claim 1, wherein the miniature 
antenna elements of the at least one pair of miniature 
antenna elements are spaced apart from one another approxi
mately 30 mm. 

art will readily appreciate from the disclosure of the present 
invention, processes, machines, manufacture, compositions 25 

of matter, means, methods, or steps, presently existing or 
later to be developed that perform substantially the same 
function or achieve substantially the same result as the 
corresponding embodiments described herein may be uti
lized according to the present invention. Accordingly, the 30 

appended claims are intended to include within their scope 
such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 

13. The MIMO antenna of claim 1, wherein the pair of 
miniature antenna elements includes half-cycle, microstrip 

35 meander structures having a hexaferrite substrate below 
each meander structure. What is claimed is: 

1. A hexaferrite slant and slot MIMO antenna for mobile 
devices, the antenna comprising: 

a system board; 
a ground plane extending along a bottom surface of the 40 

system board, wherein the ground plane has a Y-shaped 
slot; 

a first lumped port and a second lumped port at a first side 
of the system board; 

at least two microstrip lines, where a first microstrip line 45 

extends from the first lumped port and a second 
microstrip line extends from the second lumped port in 
parallel fashion along a top surface of the system board 

14. The MIMO antenna of claim 13, wherein the hexa
ferrite substrate has dimensions substantially equal to 6xl Ox 
1.5 mm3

• 

15. The MIMO antenna of claim 13, wherein the hexa
ferrite substrate exhibits a relative permeability µr substan
tially equal to 1.66 (tan oµ=0.112) and a relative permittivity 
Er substantially equal to 6.5 (tan oE=0.014). 

16. The MIMO antenna of claim 13, wherein copper (Cu) 
tape is attached to the hexaferrite substrate to provide the 
half-cycle, microstrip meander structure, as well as an 
electrical connection to the microstrip lines, and lxl mm2 

solder pads. 
to a second side of the system board and past a narrow 
end of the Y-shaped slot; and 

at least one pair of miniature antenna elements attached to 
the top surface of the system board in contact with the 

17. The MIMO antenna of claim 1, wherein the MIMO 
50 antenna exhibits a radiation efficiency of at least 82% at 2.45 

GHz. 

at least two microstrip lines, wherein the miniature 
antenna elements are slanted at ±45° with respect to a 
center Z of an X Y coordinate system, and a center of 55 

a radiation sphere, located proximate to the Y-shaped 
slot; 

where the Y-shaped slot has a narrow end oriented away 
from the at least one pair of miniature antenna ele
ments, a wide end oriented toward the at least one pair 60 

of miniature antenna elements, and an expansion region 
in which sides of the Y-shaped slot extend in diverging 
fashion toward the at least one pair of miniature 
antenna elements. 

2. The MIMO antenna of claim 1, wherein the system 65 

board is predominately made of double-sided copper clad 
laminate. 

18. The MIMO antenna of claim 1, wherein the at least 
one pair of miniature antenna elements exhibit orthogonal 
2D patterns, including a two lobe pattern set and an omni
directional flower pattern set. 

19. A method of performing wireless communications, 
comprising: 

utilizing a MIMO antenna to transmit and receive wireless 
signals, wherein the MIMO antenna comprises: 

a system board; 
a ground plane extending along a bottom surface of the 

system board, wherein the ground plane has a Y-shaped 
slot; 

a first lumped port and a second lumped port at a first side 
of the system board; 

at least two microstrip lines, where a first microstrip line 
extends from the first lumped port and a second 
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microstrip line extends from the second lumped port in 
parallel fashion along a top surface of the system board 
to a second side of the system board and past a narrow 
end of the Y-shaped slot; and 

at least one pair of miniature antenna elements attached to 5 

the top surface of the system board in contact with the 
at least two microstrip lines, wherein the miniature 
antenna elements are slanted at ±45° with respect to a 
center Z of an X Y coordinate system, and a center of 
a radiation sphere, located proximate to the Y-shaped 10 

slot; 
where the Y-shaped slot has a narrow end oriented away 

from the at least one pair of miniature antenna ele
ments, a wide end oriented toward the at least one pair 
of miniature antenna elements, and an expansion region 15 

in which sides of the Y-shaped slot extend in diverging 
fashion toward the at least one pair of miniature 
antenna elements. 

20. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 20 

system board is predominately made of double-sided copper 
clad laminate. 

21. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 
system board measured a width 60 mm and a length L of 90 25 

mm, thereby yielding permittivity and loss tangent values of 
the system board of 4.4 and 0.02, respectively. 

22. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna where the first 
lumped port and the second lumped port at the first side of 30 

the system board are provided opposite a second end of the 
system board that is proximate to the pair of antenna 
elements. 

23. The method of claim 22, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 35 

ground plane longitudinally extends a length of about 70 
mm from the first and second lumped ports along the bottom 
surface of the system board. 

24. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 40 

least two microstrip lines measure 2.4x77 mm2
. 

25. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 
ground plane has a width of 60 mm. 

26. The method of claim 19, wherein utilizing a MIMO 45 

antenna includes utilizing a MIMO antenna wherein the 
center Z of the X Y coordinate system, and the center of the 
radiation sphere, are located proximate an origin of the 
expansion region. 

12 
27. The method of claim 19, wherein utilizing a MIMO 

antenna includes utilizing a MIMO antenna wherein the 
narrow end has a width of 4 mm and the wide end has a 
width of 8 mm. 

28. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein sides of 
the Y-shaped slot extend in parallel from the narrow end a 
length equal to 10 mm before beginning to expand apart 
from one another to form the expansion region. 

29. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 
Y-shaped slot has an overall length of 25 mm. 

30. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 
miniature antenna elements of the at least pair of miniature 
antenna elements are spaced apart from one another approxi
mately 30 mm. 

31. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the pair 
of miniature antenna elements includes half-cycle, 
microstrip meander structures having a hexaferrite substrate 
below each meander structure. 

32. The method of claim 31, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 
hexaferrite substrate has dimensions substantially equal to 
6x10xl.5 mm3

• 

33. The method of claim 31, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the 
hexaferrite substrate exhibits a relative permeability µr sub
stantially equal to 1.66 (tan oµ=0.112) and a relative per
mittivity Er substantially equal to 6.5 (tan oE=0.014). 

34. The method of claim 31, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein copper 
(Cu) tape is attached to the hexaferrite substrate to provide 
the half-cycle, microstrip meander structure, as well as an 
electrical connection to the microstrip lines, and lxl mm2 

solder pads. 

35. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna that exhibits a 
radiation efficiency of at least 82% at 2.45 GHz. 

36. The method of claim 19, wherein utilizing a MIMO 
antenna includes utilizing a MIMO antenna wherein the at 
least one pair of miniature antenna elements exhibit orthogo
nal 2D patterns, including a two lobe pattern set and an 
omnidirectional flower pattern set. 

* * * * * 
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